among both H. pylori-positive and -negative subjects in Japan.
Introduction
In 1994, the International Agency for Research on Cancer recognized Helicobacter pylori as a class I human carcinogen. A combined analysis of 12 case-control studies nested within prospective cohorts suggested that the odds ratio (OR) for the association between H. pylori infection and gastric cancer was 2.36 (95% confidence intervals [CIs], 1.98-2.81) [1] . Thus, there is a strong link between H. pylori and gastric cancer in many countries. By contrast, low gastric cancer rates have been reported in some countries with a high prevalence of H. pylori infection, such as India and Bangladesh [2] . This difference in gastric cancer rates in populations with similar high prevalences of H. pylori infection could be related to the difference in the diversity of H. pylori strains, ethnicity, and environmental factors.
There is recently increasing evidence that H. pylori strains that possess the cytotoxin-associated gene A (CagA) are associated with an increased risk of atrophic gastritis and gastric cancer. CagA-positive H. pylori infection strongly increased the risk for gastric cancer compared with H. pylori-uninfected subjects [3] [4] [5] [6] .
In a case-control study in Brazil, Tatemichi et al. [7] showed there were ethnic differences in the strength of the association between CagA serological status and non-cardia gastric cancer, which suggested that environmental factors played an important role in gastric carAbstract Background. Although Helicobacter pylori infection is a major risk factor for gastric cancer, it does not explain the full picture of stomach carcinogenesis. There have been few epidemiological studies, however, which examined both H. pylori and environmental factors simultaneously. The aims of this study were to estimate the association of environmental factors (smoking and dietary factors) with gastric cancer in consideration of H. pylori infection, and to investigate the effects of the interaction between environmental factors and H. pylori infection. Methods. A multicenter, hospital-based, case-control study of gastric cancer was conducted at four hospitals in Nagano prefecture, Japan, between October 1998 and March 2002. For 153 newly diagnosed gastric cancer cases, two controls matched by age (within 3 years), sex, and residence area were randomly selected from the participants of a health check-up program during the same period in the same hospitals. We conducted a questionnaire survey and obtained blood samples. Consequently, 122 non-cardia gastric cancer cases and 235 controls were available for this analysis.
Results. H. pylori infection was strongly associated with noncardia gastric cancer after adjustment for possible confounding factors (odds ratio [OR], 8.2; 95% confidence interval
[CI], 3.7-18.2). Cigarette smoking (OR, 2.8; 95% CI, 1.2-6.5) and frequent intake of miso (fermented soy bean) soup (OR, 2.1; 95% CI, 0.9-5.1) and rice (OR, 2.5; 95% CI, 1.0-6.1) were determined to be risk factors even after adjusting for possible confounding factors, including H. pylori infection. However, no statistically significant interaction between environmental factors and H. pylori infection was detected. Conclusion. This finding suggests that although H. pylori infection is clearly an important risk factor for gastric cancer, smoking cessation and dietary modification may be practical strategies for the prevention of non-cardia gastric cancer cinogenesis in Japanese Brazilians compared to nonJapanese Brazilians.
A relationship between environmental factors and gastric cancer has been reported in numerous previous studies [8] [9] [10] [11] [12] . A low intake of vegetables and a high intake of salt and salty foods were considered to be risk factors for gastric cancer [10, 11] . Our previous study showed the protective effect of mushrooms and cruciferous vegetables among the same subjects as those of this present study, although we did not take into account H. pylori infection [12] . Moreover, there have been few epidemiological studies that have investigated the association between environmental factors and gastric cancer in consideration of H. pylori infection, and the interaction between environmental factors and H. pylori infection [13] [14] [15] [16] .
Concerning anatomical subsites, gastric cancer has been divided into two groups: "cardia" cancer (the upper third around the cardia) and "non-cardia" cancer (middle body and antrum). In the study by Hansen et al. [17] , H. pylori infection was found to be associated with an increased risk of non-cardia cancer, but had an inverse association with cardia cancer. Our study subjects were restricted to cases of non-cardia cancer, which had a strong association with H. pylori infection.
The aim of this study was not only to confirm the association between non-cardia gastric cancer and H. pylori infection, combined with CagA, but also to estimate the association of environmental factors (smoking and dietary factors) with non-cardia cancer in consideration of H. pylori infection, which is a prevalent risk factor. We also investigated the effects of the interaction between environmental factors and H. pylori infection.
Subjects and methods

Subjects
A multicenter, hospital-based, case-control study of stomach cancer was conducted at four hospitals in Nagano prefecture, Japan, between October 1998 and March 2002. One hundred and fifty-three incident cases (in patients aged 20 to 74 years), of gastric cancer with histologic confirmation were newly diagnosed at these hospitals. For the 153 gastric cancer cases identified, two controls matched by age (within 3 years), sex, and residence area were randomly selected from the participants of a health check-up program during the same period in the same hospitals; they were confirmed to be cancer-free and with no past history of cancer. We conducted a questionnaire survey and obtained blood samples, with signed informed consent, from the 153 cancer-case patients and the 301 control subjects, before treatment for gastric cancer. Of the 153 gastric cancer cases, cardia cancer cases (in the upper third around the cardia), cases with uninformative anatomical subsite, and their control subjects were excluded from this study. A total of 126 non-cardia gastric cancer cases (middle body and antrum) and 247 controls remained. We also excluded subjects with extreme caloric intake (for men, Ͻ500 or Ն4000 kcal/day; for women, Ͻ400 or Ն3500 kcal/day), because this information was unreliable. Consequently, 122 non-cardia cancer cases and 235 controls were available for this analysis.
Questionnaire
The questionnaire was composed of items such as general characteristics (age, sex, sociodemographic characteristics), personal medical history, family history, smoking and drinking history, supplement use, and dietary factors. We also asked whether they were members of the Japan Agricultural Cooperatives (JA), because JA members may have particular dietary habits. JA members, who were farmers, were more familiar with health check-up programs than non-members. Therefore, we performed a careful multivariate adjustment for confounding factors, including JA membership, in order to exclude the effects of these factors.
All subjects were asked about the average frequency of intake and portion size of 141 items in the year preceding the interview or before a change of dietary habit, if the change had occurred in the past year. If they had any symptoms, their habitual intake prior to the symptoms was elicited. Daily consumption of rice and miso soup was classified into nine categories (Ͻ1, 1, 2, 3, 4, 5, 6, 7-9, 10ϩ cups/day). The frequency of other food items was classified into nine categories (never, 1-3 times/month, 1-2, 3-4, or 5-6 times/week, almost once/ day, 2-3, 4-6 or Ͼ7 times/day), and the portion size was classified into three categories (more than 1.5 portions, same as the usual portion size, or less than half a portion). The mean daily consumption of each food group was calculated by multiplying the frequency and portion size. The estimated intake calculated by the questionnaire had been validated against a 14-or 28-day dietary record in a prior study. The Spearman correlation coefficients for intake of total vegetables, total fruits, pickled vegetables, and sodium were 0.36, 0.61, 0.74, and 0.59 in males and 0.34, 0.50, 0.75, and 0.55 in females, respectively [18, 19] .
Laboratory data
The study subjects were tested for serum pepsinogen I (PG I) and pepsinogen II (PG II), and for IgG antibody to H. pylori (Hp-Ab) and CagA (CagA-Ab). These antibodies were measured with an enzyme-linked immunosorbent assay (ELISA; Helico G; PortonCambridge, Oxford, UK) kit and CagA kit (RADIM, Rome, Italy). Equal to and more than ten units per milliliter (U/ml) were considered a positive test in both Hp-Ab and CagA-Ab. H. pylori infection was defined when one or both serum assays were positive. The serum PG I and PG II levels were measured by radioimmunometric assay kits (PG1/PG2 RIABEAD; Dainabot, Tokyo, Japan). Atrophic gastritis was diagnosed according to the criteria of a PG I level below 70ng/ml and a PG I/PG II ratio below 3.0. The prevalence of serologically diagnosed atrophic gastritis using these criteria was well correlated (r ϭ 0.999; P Ͻ 0.0001) with the age-adjusted mortality rate of gastric cancer among five Japanese populations [20] .
To estimate the association between environmental factors and non-cardia cancer, the total intake of each food group and the frequency of each food item were each divided into three categories, at the nearest tertile based on the distribution in the control group. Smoking status was classified as never, past, or current smoker. The linear trend was assessed by assigning ordinal values for categorical factors.
In order to estimate the joint effects of environmental factors and H. pylori infection, the total consumption of vegetables, fruits, and salt was classified into a highintake (above median intake) or a low-intake group (below median intake) according to the distribution of the control group. The number of cups per day was classified in two categories (high and low intake) for miso soup and rice. Smoking status was classified into two groups: never smoker and ever (past or current) smoker. We assessed the association with non-cardia cancer by taking into consideration the patterns of joint occurrence of both factors (environmental factors and H. pylori infection). Furthermore, the effect of interaction was checked by calculating an interaction term, and multiplying a dummy variable for each environmental factor by one for H. pylori infection.
Odds ratios (ORs) and 95% confidence intervals (95% CIs) and trends were obtained by conditional logistic regression analysis. All P values were two-sided and all the statistical analysis was performed using the SAS statistical software package [21] .
Results
The mean ages of cases and controls were 57.8 and 57.4 years, respectively. The proportion of male participants was 67.2% in cases and 67.7% in controls. Table 2 shows the association of environmental factors with the risk of non-cardia cancer. As for smoking, crude ORs for past and current smoking were 3.3 (95% CI, 1.6-6.7) and 2.8 (95% CI, 1.3-5.8), respectively. Past and current smoking remained, in the multivariate analysis, significantly associated with non-cardia cancer. Regarding salt intake, we found a slightly elevated OR (for high-intake category, OR, 1.5; 95% CI, 0.6-3.7), which did not reach statistical significance. As the consumption of miso soup increased, we found a significantly increased OR (for high-intake category, OR, 2.1; 95% CI, 0.9-5.1; P for trend ϭ 0.04). A marginal positive association between rice intake and non-cardia cancer was observed (for the high-intake category, OR, 2.5; 95% CI, 1.0-6.1; P for trend ϭ 0.07). High intake of pickled vegetables and low intake of total vegetables and fruits was not associated with noncardia cancer. The joint effects of environmental factors (smoking and foods) and H. pylori infection on the risk for noncardia cancer are presented in Table 3 . As for smoking status and H. pylori infection, the adjusted OR for noncardia cancer was 1.9 (95% CI, 0.4-8.8) for the H. pylori-negative smoker group, 6.4 (95% CI, 2.1-19.7) for the H. pylori-positive never smoker group, and 19.0 (95% CI, 5.4-67.2) for the H. pylori-positive smoker group. An H. pylori-positive smoker had 3.0 (95% CI, 1.4-6.6) times the risk of non-cardia cancer compared to an H. pylori-positive never-smoker (data not shown in Table 3 ).
For salt, miso soup, pickled vegetables and rice, the ORs were compared with the H. pylori-negative subjects with lower intake as a reference. As for salt intake and H. pylori infection, the adjusted OR for gastric cancer was 1.8 (95% CI, 0.4-7.7) for H. pylori-negative ORs were compared with H. pylori-negative subjects with a high intake of total vegetables and total fruits as the reference. Low intake of vegetables/fruits did not increase the risk compared with high intake among H. pylori-negative subjects. However, a marginal positive association between low intake of total fruits and noncardia cancer was observed among H. pylori-positive subjects.
Additionally, no significant improvement in the regression model was observed when the interaction term between these environmental factors (smoking, food groups, and food items) and H. pylori infection was added. Salt, pickled vegetable, total vegetable and fruit ; low (below median) intake , high (above median) intake Miso soup; low intake (Ͻ3 cups/day), high intake (м3 cups/day) Rice; low intake (Ͻ4 cups/day), high intake (м4 cups/day) H. pylori infection was defined when one or both serum assays (H. pylori and CagA) were positive a Adjusted for JA membership, family history of gastric cancer, total vegetable intake, total fruit intake, and salt intake b Adjusted for JA membership, smoking status, family history of gastric cancer, total vegetable intake, total fruit intake, and total energy intake c Adjusted for JA membership, smoking status, family history of gastric cancer, total vegetable intake, total fruit intake, salt intake and total energy intake d Adjusted for JA membership, smoking status, family history of gastric cancer, total fruit intake, salt intake, and total energy intake e Adjusted for JA membership, smoking status, family history of gastric cancer, total vegetable intake, salt intake, and total energy intake
Discussion
In this study, H. pylori infection was defined as present when one or both serum assays were positive. Clinical data indicated that the CagA antibody persisted longer after eradication treatment than the antibody detected by H. pylori IgG [22] . It seems reasonable to assume that the addition of a test for the CagA antibody will result in a more correct representation of past exposure than the use of the H. pylori IgG antibody alone, as Ekstrom et al. [23] suggested. We confirmed the strong association between H. pylori infection and non-cardia cancer. In this study, a significantly increased risk was observed in the H. pylori seropositivity and CagA seropositivity [Hp(ϩ)CagA(ϩ)] category, while risk was moderately but not significantly increased between the H. pylori seropositivity and CagA seronegativity category. This suggested that CagA-positive H. pylori infection had strongly increased the risk for non-cardia cancer compared with H. pylori-negative subjects, consistent with previous studies [3] [4] [5] [6] .
As for smoking status, smoking tended to increase the risk for gastric cancer irrespective of H. pylori infection. H. pylori-positive smokers showed the highest OR, of 19.0, compared to H. pylori-negative never-smokers. Smoking proved to be a risk factor even among subjects with H. pylori infection. Some mechanisms of smoking associated with the increased risk of gastric cancer have been suggested. Smokers show lower plasma levels of antioxidants such as vitamin C and beta-carotene [24] , and tobacco smoke contains carcinogenic nitrosamines, triggering the carcinogenesis of gastric carcinoma [25] . An increased risk of gastric cancer from smoking was observed in two prospective studies [26, 27] . From investigating the joint effects of H. pylori and smoking status, Siman et al. [28] suggested that smoking and H. pylori were both risk factors for gastric cancer, and that smoking was still a risk factor among H. pylori-positive individuals. Brenner et al. [16] found that CagA-positive smokers had an increased risk of non-cardia gastric cancer in a close to multiplicative way, leading to a 16.6-fold risk increase compared with non-smokers without H. pylori infection. In a Russian case-control study, smoking had no effect on the risk of gastric cancer in H. pylori-negative men, but it was associated with a significantly increased risk in H. pylori-positive men (P value for interaction, 0.07) [29] .
Excessive salt intake is a risk factor supported by experimental and epidemiological studies [10, 30, 31] . The promoting effects of salt may be caused through a mechanism by which high salt concentrations destroy the mucosal barrier that protects the surface membrane of the stomach [32] . In Mongolian gerbils, the synergistic promoting effects of H. pylori infection and a highsalt diet (containing 10% sodium chloride) on gastric carcinogenesis were observed [31] . In the present study, although high salt intake caused a slightly increased OR, it was not statistically significant. In the analysis of joint effects, H. pylori infection with a high salt intake had an elevated OR for non-cardia cancer compared with the reference category, but failed to show a statistically significant increase in ORs compared with H. pylori-positive subjects with a low intake (data not shown). Part of the reason for this result was the difficulty in estimating the exact amount of salt consumption from the questionnaire. Moreover, we may find a synergistic promoting effect of salt intake on gastric cancer only in subjects who consistently consume high levels of salt.
As miso soup and rice intake increased, we found a steady increase in the risk of non-cardia cancer. Because miso soup is one of the major contributors to sodium intake, this result is plausible. For rice, a marginal positive association was observed. A high rice intake significantly increased the risk (OR, 2.6; 95% CI, 1.1-6.0) compared to low intake even in H. pyloripositive subjects. A positive association between high rice intake and H. pylori infection has been observed in some epidemiological studies [8, 9] . Although a previous study suggested that carbohydrates irritated the gastric mucosa [33] , the direct effect of rice on carcinogenesis in the stomach was unclear. As an indirect effect, there is a possibility that rice intake is a marker of salt, salty food, and other dietary factors that are risk factors for gastric cancer.
Vegetables and fruits contain many compounds with anticarcinogenic properties, including carotenoids and vitamin C, and have been considered to be factors that protect against stomach carcinogenesis [10, 11] . Our previous study showed the protective effect of mushrooms and cruciferous vegetables on the risk of gastric cancer among the same subjects as those in this present study [12] . The high consumption of total vegetables and fruits did not decrease the risk of non-cardia cancer after adjustment for H. pylori infection in our study. In the analysis of H. pylori infection and vegetables/fruits, low intake did not show an increased risk for non-cardia cancer compared with H. pylori-positive subjects with high intake, although H. pylori-positive subjects with low intake of total fruits tended to have an increased risk compared with H. pylori-positive subjects with high intake. In a previous study using the same food frequency questionnaire (FFQ), the average intake of vegetables and fruits was 215g/day and 132g/day among 18 399 men, and 256 g/day and 202g/day among 20932 women [34] . The lack of association could also be explained by a relatively high intake of these items in the two municipalities of Nagano prefecture comprising the present study area compared with that in other areas [35] . Kobayashi et al. [36] , in a prospective study, suggested that vegetable and fruit intake, even in low amounts, was associated with a decreased risk; however, the risk did not decrease in a stepwise manner as the consumption increased. Therefore the decreased risk may have not been observed in the present study because these study subjects consumed relatively high amounts of vegetables and fruits. Another explanation may be that the protective effect of vegetable consumption, if any, may be modified or masked by other prevalent risk factors, for example, H. pylori infection.
The Spearman correlation coefficient for total vegetable intake assessed with FFQ and 14-or 28-day dietary records was relatively low. However, the intake assessed with FFQ was comparable to that with the 14-or 28 days dietary record in the categorization of vegetable intake [18] . Moreover, we had observed an inverse association between vegetable intake and the risk of colorectal cancer in a simultaneously conducted casecontrol study using the same FFQ [12] . It is, therefore, unlikely that the failure to observe a protective association was due to the relatively low validity of the vegetable intake assessment.
In this study, there was almost no improvement at all in the logistic regression model when the interaction term between these environmental factors and H. pylori infection was added. The limited number of cases prohibited a more comprehensive assessment of gastric cancer risk according to the joint classification of subjects by environmental factors and H. pylori infection, and led to quite wide confidence intervals for some of the risk estimates. In other words, we might have failed to detect a statistically significant interaction owing to the small number of H. pylori-negative cases. Moreover, the high prevalence of H. pylori infection and its strong link to gastric cancer may have made precise evaluation of the association between environmental factors and gastric cancer virtually impossible.
There were some limitations in this study. First, the dietary information we collected was about the diet 1 year before the diagnosis. Such dietary information may not actually reflect past dietary habits, which may be more important for carcinogenesis in the stomach. Additionally, one of the major problems of case-control studies is the possibility of recall bias due to knowledge of the disease status. Information on food intake was collected after subsequent diagnosis of gastric cancer, so we could not avoid the recall bias inherent in casecontrol studies. Furthermore, cases might have changed their dietary habits as a consequence of gastric cancer and atrophic gastritis. Thus, dietary assessment is subject to considerable misclassification. In addition, the diagnosis of H. pylori infection (including CagA) was based on immunological tests. The possibility of misclassification of H. pylori and CagA seropositivity by immunological tests was not excluded. However, if the misclassification occurred equally among all subjects, the risk of infection linked to the development of gastric cancer was underestimated. Another limitation of casecontrol studies is their potential selection bias. Among the controls in this study, the percentage of neversmokers was high because of the low number of female smokers. The percentages of past smokers and current smokers were 31.5% and 39.0%, respectively, in the male controls. The percentage of current male smokers in this study was low compared with that in a population-based prospective study of 19576 Japanese men aged 40-59 years (53.4%) [26] . The low prevalence of smokers in the control group may have led to an overestimation of OR regarding cigarette smoking. Because the controls were participants in a medical health check-up program, they were considered to be more health-conscious than the general population. In addition, the JA members were more familiar with health check-up programs than non-members. Thus, we performed careful multivariate adjustment for confounding factors, including JA membership, as mentioned above.
We confirmed the strong association of H. pylori combined with CagA with non-cardia cancer. Regarding environmental factors, smoking and high intake of miso soup were associated with non-cardia cancer, regardless of H. pylori infection. Although a high rice intake and low fruit intake increased risk only among H. pylori-positive subjects, the interaction term was not statistically significant. However, we could not deny the interaction between H. pylori infection and environmental factors. Among the various factors studied here, H. pylori infection was shown to be the most important factor for non-cardia gastric cancer, indicating that eradication therapy for H. pylori would possibly be an effective strategy for reducing the risk of gastric cancer. Our study also indicates that other realistic alternatives may be smoking cessation and dietary modification for non-cardia gastric cancer, irrespective of H. pylori status. Further studies in a large number of subjects will be necessary to clarify the interaction between the various risk factors.
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